I
n insulin-treated diabetes, the brain is exposed to extremes in glycemia that may have important effects on cerebral function. Consequently, understanding how the brain handles glucose delivered via the circulation under a range of glucose concentrations is important to patients with diabetes. In this issue of Diabetes, van de Ven et al. (1) report a new method to measure the kinetics of glucose transport under hypoglycemic conditions in human subjects. Their observations, coupled with the findings of others (2-4) provide firm evidence that a linear relationship exists between brain and blood glucose concentrations across the entire spectrum of glucose concentrations experienced by humans with uncomplicated type 1 diabetes. As a result, the brain is exposed to the same relative change in glucose concentration as the rest of the body during acute episodes of hypo-and hyperglycemia.
In the brain, glucose is transported across the blood-brain barrier by facilitated diffusion using GLUT1 (5) . Once in the brain, glucose enters neurons via GLUT3 or astrocytes via GLUT1 (Fig. 1) . It is then phosphorylated and used in pathways important in the generation of cellular energy, neurotransmitters, and other metabolites. Cerebral glucose content is regulated by a balance between the rate-limiting steps of glucose transport and metabolism.
The successful measurement of the kinetics of glucose transport and metabolism in living humans has generally required the use of noninvasive methods because invasive approaches, such as microdialysis, impose significant risk. Using 1 H-labeled nuclear magnetic resonance ( 1 H-NMR), we (3,4) and others (2) have examined the relationship between blood and brain glucose concentrations under conditions of hyperglycemia. These experimental conditions were necessary in the past because the NMR signal for glucose virtually disappears with progressive hypoglycemia. In the brain, glucose concentrations have generally been found to be 20-30% of those measured in the plasma. Consequently, when plasma glucose concentrations are reduced to hypoglycemic levels, the concentration in the brain falls below 1 mmol/L, a level at which the glucose spectra cannot be distinguished from the noise of the measurement. When collected under a range of hyperglycemic levels, kinetic constants for transport and metabolism can be derived from the reversible Michaelis-Menten model. However, whether the transport parameters derived from this model under hyperglycemia also hold under hypoglycemic conditions has been uncertain. van de Ven et al. (1) overcame the technical difficulties of measuring brain glucose concentration during hypoglycemia by infusing 13 C-glucose during euglycemic and hypoglycemic clamps while collecting the 13 C-NMR data from a large volume of interest in occipital brain tissue. Even though blood glucose concentration was successfully reduced to 3 mmol/L, they were able to maintain sufficient isotopic enrichment in both blood and brain to examine the relationship between glucose concentrations in these spaces. The kinetic constants derived from their data are the same as those derived from data collected under hyperglycemic conditions using 1 
H-NMR. Why is this finding important to the readers of Diabetes?
The study by van de Ven et al. (1) did not find any differences in the glucose transport kinetics measured between patients with well-controlled type 1 diabetes and controls. This is good news for patients with diabetes who have symptoms of hypoglycemia when their glucose levels drop. However, this may not apply to patients who experience recurrent hypoglycemia. Clinically, patients with recurrent episodes of hypoglycemia are known to develop hypoglycemia unawareness and the perturbation in the counterregulatory responses to hypoglycemia that has been labeled hypoglycemia-induced autonomic failure (HAAF) (6) . There is now abundant indirect evidence to support the hypothesis that brain glucose transport is increased in response to recurrent episodes of hypoglycemia. Years ago, Simpson et al. (7) demonstrated that the number of GLUTs identified at the blood-brain barrier in rats was higher in animals subjected to recurrent hypoglycemia than in controls. Using 1 H-NMR, we have shown that brain glucose concentrations are 17% higher in patients with type 1 diabetes and hypoglycemia unawareness than in controls without these conditions studied under the same levels of glycemia (8) . Both observations provide indirect evidence that either glucose transport is increased or glucose metabolism is decreased in these patients. Future investigation of humans with HAAF using the methods of van de Ven should help determine if brain glucose transport is increased in these patients. These investigations will go a long way in helping us understand why patients with HAAF are unable to detect their hypoglycemia until they develop neuroglycopenia. 
